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1 
Abstract 
  
Background:​ ​Psoriasis is a complex disease with many variations in genotype and phenotype. 
General advancements in medicine have further complicated assessments and treatments for both 
physicians and dermatologists alike. Even with all our technological progress, we still primarily 
use the assessment tool Psoriasis Area and Severity Index (PASI) for severity assessments which 
was developed in the 1970s. In this study, we evaluate a method involving digital images, a 
comparison web-application and similarity-​ ​clustering, developed to improve the assessment tool 
in terms of intra- and inter-observer variation. Furthermore, we show that image ranking from 
pairwise comparisons is applicable to monitoring disease progression over time.  
  
Materials and methods:​ Images of the same lesion area were taken approximately 1 week apart 
with the patients’ own mobile devices. Five dermatologists evaluated the severity of psoriasis in 
the images by modified-PASI, absolute scoring and a relative pairwise PASI scoring using 
similarity-clustering and conducted using a web-program displaying two images at a time.  
  
Results:​ mPASI scoring of single images by the same or a different dermatologist showed 
mPASI ratings of 50% to 80%, respectively. Repeated mPASI comparison using similarity- 
clustering showed consistent mPASI ratings of >95%. Pearson correlation between absolute 
scoring and pairwise scoring progression was 0.72. 
  
Conclusion:​ ​Our similarity-clustering of pairwise relative comparisons by a small number of 
dermatologists significantly reduces the intra- and inter-observer variation when assessing 
severity in psoriasis.  
  
Keywords:​ ​ Dermatology, PASI, Pairwise, Similarity, Machine Learning, Computer Vision, 
Preference Matrix, Similarity Matrix, Clinical Practice 
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Introduction 
Psoriasis is a chronic, inflammatory and complex skin condition with a substantial burden of              
disease. Psoriasis has numerous types of clinical manifestations of which chronic plaque-type is             
the most common, as well as several associated serious comorbidities​ [1,2]​. Treatment and             
assessment of psoriasis are also complex tasks and are sometimes handled exclusively by             
dermatologists, but even in that case challenges in assessment of severity and progression occur              
and physicians as well as dermatologists must rely partly on subjective measures. 
  
Psoriasis Area and Severity Index (PASI), developed by Fredriksson in 1978, still serves as the               
gold standard for psoriasis severity assessments and is used as a standard in clinical trials​ [3,4]​.                
Accurate assessments are not only important in clinical trials, but also in the evaluation and               
choice of treatment in the outpatient clinics and therefore, it is important to have the best tool                 
possible. Clinical studies of psoriasis severity using images, where multiple raters, both human             
and machine, repeatedly rate the image data according to PASI are widely used to assess               
treatment efficacy and progression in trials and clinical practice for treatment choices ​[5]​. PASI              
is widely considered subjective and of poor reproducibility​ [6]​. Difficulty of calculating            
inter-rater and intra-rater reproducibility remains an obstacle in using PASI ​[7]​. At first glance,              
values in a variable representing each component do represent presence or absence of disease              
relatedness and the order is not arbitrary, with 0 = no disease related, 1 = mild, 2 = moderate, 3 =                     
severe and 4 = very severe. Wider close examination has revealed skewed distribution [5,6,7]              
and inherent subjectivity:  
 
variability in redness and scaling is due to their “relative” nature, 
variability in scaliness is due to regional variations and its subjective definition, 
variability in thickness is due to inconsistency in the training environment and many others.  
 
Current best practices include PASI assessment training, only using one evaluator per case and              
use of reference baseline images. 
 
This study evaluates the impact of similarity clustering​ [8] of all pairwise comparisons in a set of                 
psoriasis images aiming to reduce inter- and intra-rater variability in the context of the PASI               
components of redness, thickness and scaliness​.  
 
Materials and Methods 
Image Data 
Images were provided from patients with psoriasis via a digital mobile application (Imagine, Leo              
Innovation Lab, Copenhagen, Denmark) accepting our terms and conditions to use the pictures             
for research purposes. An image set for a given patient contained images captured at 5 time                
points typically 2 weeks apart. 100 image sets were used for calculating repeatability of single               
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scoring and image pair comparison. One image set out of the 100 were used for progression                
computation.  
  
Assessment 
Five practicing dermatologists evaluated the severity of psoriasis image sets by modified-PASI            
(mPASI, limited to scaliness, redness and thickness), absolute scoring and a relative pairwise             
PASI scoring through similarity clustering facilitated by a web-program (Pairoscope, Leo           
Innovation Lab, Copenhagen, Denmark).  
  
Study Design 
For each patient, disease progression, i.e. severity over time, was evaluated twice: using mPASI              
score calculated from absolute scoring of every image and using similarity-clustering of pairwise             
relative comparisons of all pairs of images ​[9]​. In all evaluations, patient identification and time               
of image capture were not revealed.  
  
Statistical Analysis 
Confusion matrices were used for assessing scoring and agreement among dermatologists. ​We            
used multiple ratings by the same dermatologist as multiple independent ratings and focused on              
inter-rater agreement by treating multiple ratings by the same dermatologist as independent            
ratings. Progressions of time-ordered image sets were then compared to the corresponding            
cluster ranks computed from the similarity matrix; a Bradley-Terry model​ [10]​. Pearson            
Correlation was used for comparing severity progression over time.  
  
Modified Psoriasis Area Severity Index (mPASI) 
mPASI score was computed by averaging grading for existence of disease related symptoms:             
scaliness, redness, and thickness ( ​from 0 to 4 for most severe and integer increments ​). Disease                 
progression evaluation for a time-ordered set of images is the corresponding 
time-ordered mPASI scores.  
  
Pairwise Comparisons of mPASI Components 
A Web Interface was used for relative assessment of the pairs of images. The interface displayed                
two images at a time, allowing zoom and pan of each image independently, 3 sliders with a range                  
of -0.5 to +0.5 set at default position of 0 and a button to submit the comparison. The                  
dermatologist compares the pairs of images as to how similar ​/ ​dissimilar two images are in the                 
context of a disease related symptoms: scaliness, redness, and thickness (-1 to 1.0 in increments               
of 1/16) mPASI component (see Figure 1). All unique pairings of images are presented to the                
dermatologist in random order. 
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 Disease Progression 
Similarity ​clustering and ordering of a collection of items is equivalent to ranking items in a                
collection from pairwise probabilities ​[12]​. We define disease progression as a time series of              
normalized severity (0.0 - 1.0). Normalized severity has the following properties: 
P(t) = 0.0 implies disease progression at time t is a minimum in the sequence, and 
P(t) = 1.0 implies disease progression at time t is a maximum in the sequence 
Pairwise Scoring Algorithm  
Input to the algorithm is a set of images captured overtime [n] = {1,...,n}. Pairwise comparison,                
M​ij ∈ [0,1], sets the probabilities that image i ​is higher than image j ​in the current context and                   
that ​j beats ​i with the probability of 1 - M​ij​. A similarity matrix is formed from all pairwise                   
comparisons. For each image, the ranking score is the probability that an image has higher               
progression than any other image picked uniformly random from other images. It is simply              
calculated by averaging all of an image’s pairwise comparisons.  
 
Ranking Score = 1 / ( n -1 ) ∑ Mij for all j ≓ i  
Disease Progression for the image captured at time t, P(t)  is the Ranking Score for image taken 
at time t.  
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Numeric Example 
 
The similarity matrix from pairwise comparisons: 
 
 [ 0.5  0.7  0.6  0.8  0.7] 
 [ 0.3  0.5  0.8  0.7  0.6] 
 [ 0.4  0.2  0.5  0.8  0.7] 
 [ 0.2  0.3  0.2  0.5  0.4] 
 [ 0.3  0.4  0.3  0.6  0.5]] 
 
Ranking Score:    ​ [ 1.7  2.1  2.4  3.4  2.9] 
Ranks:    ​  [0 1 2 4 3] 
 
 
Process for one dermatologist using the Web Interface: 
For each context in contexts ( ​redness, scaliness or thickness ​) 
Compare all pairs (i ,  j ) were i is not equal to j  
 
Results and Discussion 
Redness and thickness compare reasonably well in localization of most severe time points. 100              
image sets of on average of 5 images captured over time were used to compute repeatability of                 
single images by repeated scoring by 5 dermatologists. The same image sets were used to               
compute repeatability of comparison scoring. ​Repeated mPASI scoring of single images by the             
same or different dermatologist showed consistent mPASI ratings of 50% to 80%, respectively.             
Repeated mPASI comparison using the similarity- ​clustering program showed consistent mPASI           
ratings of >95%. ​Confusion matrices of single scoring and pairwise scoring is shown in Figure 2.                
Confusion matrices of Agreement among dermatologists for both single and pairwise scoring is             
shown in the top row in Figure 3. It demonstrates the finer grain classification of pairwise                
scoring. We found Pearson Correlation to overestimate the degree of agreement among raters             
using the single scoring method and propose Total Deviation Index ​[5–7]​ (see Figure 3).  
  
A single image set was used to compare severity progression generated via pairwise protocol              
with single scoring protocol. In the single scoring protocol of an image set, modified PASI score                
is generated from single image scoring of every image in the set by a dermatologist. Pearson                
correlation between single scoring protocol and pairwise scoring protocol computed progression           
trends was 0.72.  
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Conclusions 
Assessment of disease severity remains a multifactorial discipline involving genetics,          
immunology, quality of life, amongst other factors, but we might be able to assist the assessment                
with a tool like pairwise comparison.  
  
According to the present study, a simple web application can significantly improve severity             
assessments of images of psoriasis captured with a cellphone camera by the patients. Our              
approach is practical for measuring disease progression from time lapse images. In many larger              
and practical situations the true pairwise comparisons can ​not be practically measured, however             
when a subset of all comparisons is passively and noisily observed, a good estimate can be                
calculated ​​[11]​. If the image set needs to be partitioned into a number of disjoint sets, the Acting                  
Ranking [12] can be used.  
  
Our similarity clustering program, also known as ranking from pairwise comparisons,           
significantly reduces the intra- and inter-observer variation when assessing severity in psoriasis,            
which indicates that the application in clinical trials and practice could be useful. Emerging              
application of machine learning in dermatology depends critically on high quality labeling of the              
training data, i.e. image assessment by multiple dermatologists. Our study demonstrates that            
pairwise comparisons may be better suited to generating such data than single scoring methods              
laying the foundation for application of computer vision algorithms to automate large scale             
severity assessments. 
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Figure 2: Confusion matrix among dermatologists for standard and pairwise scoring from dermatologists(A-E) of              
redness, thickness and scaling ​over 5 time points (hours from first image). 
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Figure 3: Agreement Among Raters and Over-Estimation of Agreement 
 
 
 
 
11 
